® Expansion Compression Contacts for Thermoelectric Legs 

Ordinarily regarded as disadvantageous, thermal-expansion mismatch would be turned to advan- 
tage. 
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In a proposed alternative to previous 
approaches to making hot-shoe contacts 
to the legs of thermoelectric devices, one 
relies on differential thermal expansion 
to increase contact pressures for the pur- 
pose of reducing the electrical resistances 
of contacts as temperatures increase. The 
proposed approach is particularly applica- 
ble to thermoelectric devices containing 
p-type (positive-charge-carrier) legs made 
of a Zintl compound (specifically, 
YbnMnSbii) and n-type (negative- 
charge-carrier) legs made of SiGe. 

This combination of thermoelectric 
materials has been selected for further 
development, primarily on the basis of 
projected thermoelectric performance. 
However, it is problematic to integrate, 
into a practical thermoelectric device, 
legs made of these materials along with a 
metal or semiconductor hot shoe that is 
required to be in thermal and electrical 
contact with the legs. This is partly be- 
cause of the thermal-expansion mis- 
match of these materials: The coeffi- 
cient of thermal expansion (CTE) of 
SiGe is 4.5 X 10“ 6 "C- 1 , while the CTE of 
Ybi4MnSbn is 20 x 10 -6 °C _1 . Simply 
joining a Yb^MnSbn and a SiGe leg to a 
common hot shoe could be expected to 
result in significant thermal stresses in 
either or both legs during operation. 


Heretofore, such thermal stresses have 
been regarded as disadvantageous. In 
the proposed approach, stresses result- 
ing from the CTE mismatch would be 
turned to advantage. 

The figure depicts a thermoelectric 
unicouple according to the proposed 
approach. By use of established tech- 
niques, the n-type SiGe leg would be 
bonded to the hot shoe, which would 
be made of Si, Mo, or graphite. How- 
ever, the Yb^MnSbn leg would not be 
bonded to the hot shoe: instead, the 
Yb^MnSbn leg would be inserted in a 
precisely fit hole in the hot shoe. The 
precision of the fit would be such that 
upon assembly at room temperature, 
the contact pressure between the hot 
shoe and the YbirMnSbn leg would be 
low. During heating up to a hot-shoe 
operating temperature of 1,000 °C, the 
thermal expansion of the Yb^MnSbn 
leg would exceed that of the hole by an 
amount that would increase the con- 
tact pressure to >100 MPa. This pres- 
sure would suffice to keep the thermal 
and electrical contact resistances ac- 
ceptably low. 

Optionally, if the hot shoe were made 
of Si or Mo, the contact resistances 
could be made even lower by adding a 
thin, reactive layer of a metal at the in- 


A 

t 

A 

t 





TOP VIEW 

Hot Shoe 

, 



SECTION A-A 


A Thermoelectric Unicouple as proposed would 
utilize thermal-expansion mismatch to obtain 
high contact pressure between the hot shoe and 
the Yb^MnSbn leg. 

terface between the Yb^MnSbn leg and 
the hot shoe. Another option would be 
to taper the hole and the mating portion 
of the Yb^MnSbn leg and to press-fit 
the leg and the hot shoe together at 
room temperature, thereby providing 
for maintenance of at least some pres- 
sure and prevention of separation dur- 
ing thermal cycling. 

This work was done by Jeffrey Sakamoto of 
Caltech for NASA’s Jet Propulsion Laboratory. 
Further information is contained in a TSP ( see 
page 1 ). NPO-44896 
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